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@ Procesa for producing poxvirus recombinants for expression of foreign genes. 

@ Methods and compositions are provided for the use of 
vaccinia virus or other poxviruses as vectors for expression of 
foreign genes. Expression of foreign genes is obtained by 
combining poxvirus transcriptional regulatory sequences with 
uninterrupted foreign protein coding sequences in vitro to 
form a chimeric gene. The chimeric gene is flanked by DNA 
from a non-essential region of poxvirus genome to provide 
sites for in vftro homologous recombination in cells previously 
infected Nvith a genus of poxvirus. 
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PROCESS FOR PRODOCTNG POXVIRUS RECOMBINANTS 
FOR EXPR ESSION O F FOREIGN jGEWES 



BACKGROUND OF THE .INVENTION 



Recombinant DNA techno loqy has made it 
possible to exoress genes of one organism within 
another. The prior art shows that several virus 
groups including the papovaviruses ^ PapilloTna viruses , 
adenoviruses, and retroviruses have been employed as 
eukarvotic molecular cloninq and expression vectors. 
The relatively small sizes of these virus genomes have 
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facilitated the in vitro construction of recombinant 
DNA molecules « However, thev generally exhibit a 
limiter^ host range, orovide severe limitations on the 
amounts of DNA that can be accommodated and suffer 
loss of infectivitv upon insertion of foreign DNA. 
Although genetic engineering of larger viruses, such 
as poxviruses, is more difficult, such vectors could 
have the advantage o^ greater capacitv and ootential 
of retaining infectivitv in a wide range of host 
cells. Var poxviruses such as vaccinia virus, such 
recombinants mav lead to the development of live virus 
vaccines, 

?;ince vaccinia virus is the best studied 
member of the poxvirus group, it will be described 
here* Vaccinia virus has a very broad host range in 
vitro and in vivo and has been used world-wide as an 
effective vaccine against variola, a related poxvirus 
that causes smallpox. Vaccinia is a large virus con- 
taining a linear double-stranded DNA genome with a 
molecular weight of about 122 million, equivalent to 
more than 180,000 base pairs. The virus uses its own 
enzvmes for transcription and replication within the 
cytoplasm of infected cells. Nucleotide seauence data 
indicate that the transcriptional regulatory signals 
encoded in the vaccinia virus genome are distinct from 
those used by eukarvotic cells. The invention 
described here takes into account both the large size 
of the poxvirus genome and its unique transcriptional 
regulatorv signals . 
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References which relate to the subiect 
invention are Venkatesan, Baroudv and Moss, Cell 
12S:fl05-813 (l<Jfll) ; Venkatesan, Gershowitz anrl MosSr 
J, Virol> 44:fi37-646 (1^S2) 7 Baiszar, Wittek, Weir an^ 
MosSr J> Virol, , 45:62-*'2 (l<^83)y Weir an^ Moss, J, 
Virol> 46:.S30 (1983); Moss, Winters anri Cooper, J, 
Virol. 40:387-395 (1981)? Panicali and Paoletti, 
Proc, Natl. Ac ad, «;c i, US A 79t4Q27*4931 (198:>) y 
Mackett, Smith and Moss, Proc. Natl > Acad, Sci. USA, 
79:7415 (1982); Cohen and Bover, U.S. Patent 
4,237,224; valuenzuela et al*. Nature 298:347-350 
(1982); Moriaritv et al. , Proc. Na tl. Acad. Sci. USA 
78:2606-2610 (1981); Liu et al., UNA 1:213-221 (1982); 
Weir, Baiszar and Moss, Proc. Natl, Acad. Sci. USA 
79:1210 (1982). 

SUMMARY OF THE INVENTI ON 

The present invention Provides infectious 
poxvirus recombinants that express iForeign genes, and 
a general process for producing such recombinants. 
According to the present invention, when the foreign 
qene is an appropriate one from a pathogen, the recom- 
binant poxvirus can serve as a live vaccine. Some 
examples of such foreign genes include DNA genes or 
DNA copies of RNA genes from hepatitis B virus, hepa- 
titis A virus, hepatitis non-A, non-B virus. Influenza 
virus, herpesvirus, cytomegalovirus, adenoviruses, 
parvoviruses, foot and mouth disease virus, 
poliovirus, measles virus, rabies virus, coronaviruses, 
coxsackieviruses and pathoqenic bacteria, rickettsia. 
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protazoa, and metazoa. In accordance with the oresent 
invention, cells infected with poxvirus recombinants 
are also used to orepare the foreign gene product. 

In considering the develooment of vaccinia 
virus or other poxviruses as Infectious expression 
vectors, the following biological characteristics of 
these agents were taken into account: evidence that 
vaccinia virus has evolved its own transcriptional 
regulatory seauences; its large genome size; and lack 
of infectivitv of isolated viral DWA, 

With the present Invention, efficient 
expression of foreign DNA is obtained bv forming 
chimeric genes consisting of a vaccinia virus 
transcriptional regulatory sequence and an unin- 
terrupted protein coding sequence of a foreign gene* 
The vaccinia virus transcriptional regulatory sequence 
consists of a DNA segment that precedes and may 
include the site at which RNA svnthesis begins* In 
the description which follows, sequences that posi- 
tively regulate the transcription of a gene may be 
referred to as a '•promoter.'' The foreign gene protein 
coding sequence includes the site corresponding to 
initiation of translation and will be referred to 
hereinafter as the "foreign gene." Bv using the 
translational initiation site of the foreign gene in 
accordance with the present invention, codon phasing 
and potential problems associated with the biological 
activity of fusion proteins are avoided. The chimeric 
gene is flanked by DNA from a known non-essential 
region of the vaccinia virus genome that will ulti- 
mately allow homologous recombination to occur. The 
present invention thus provides a general method of 
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exoressing foreiqn qenesr in that plasmifls can be 
constructe<i that contain TnultiPle restriction 
endonuclease sites next to the vaccinia virus oromoter 
and that contain the flankinq vaccinia virus DNA as 
well as the olasmid origin of replication and anti- 
biotic resistance qene. The olasmids are then cleaved 
with an appropriate restriction endonuclease to form 
liqatable termini, and a foreiqn gene with complemen- 
tary termini is liqated next to the vaccinia virus 
oromoter. The olasmid containing the chimeric aene 
and flanking vaccinia virus DNA is used to transform 
bacteria and then is purified from the transformed 
bacteria. 

The plasmid containinq the chimeric gene 
flanked hv vaccinia virus DNA is then used in accor- 
dance with the present invention under transfecting 
conditions to transfect cells that have been Infected 
with vaccinia virus or another compati>>le poxvirus. 
Homologous recombination and replication are allowed 
to occur r whereupon the chimeric gene is Inserted into 
the vaccinia virus genome at the- position specified bv 
the flanking DNA used. It is important to use. 
flanking DNA from a non-essential region of the genome 
so that Infectivity will not be destroved. 

Recombinant vaccinia virus provided by the 
present invention is distinguishable from the original 
virus by a variety of methods. For example , by using 
segments of the vaccinia virus thymidine kinase (TK) 
gene as flanking DNA, the chimeric gene can be 
inserted into the thymidine kinase gene within the 
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vaccinia virus and therebv interrupt its function. 
Thus, if the flanking DNA is from the TK qene of vac- 
cinia virus y then virus recombinants lacking TK acti- 
vity can be selected. Alternatively, virus can be 
distinguished either bv DNA*DNA hybridization, by 
detection of the -oroduct of the foreign gene, or bv 
other selective procedures. 

DETAILE D DT^SC RIPTION OF PREFE RRED ^B ODIMENTS 

The following description of this invention 
will be divided into the followinq sections: 

I. Preparation of plasmid vector containing vaccinia 
virus promoter, sites for insertion of a foreign 
gene, and vaccinia virus WA flanking seauences. 

TI. Preparation and insertion of foreign gene into 
the plasmid vector to form chimeric gene. 

III. Transfection of virus-infected cells with plasmid 
containing chimeric gene. 

IV. Isolation of recombinant vaccinia virus and 
detection of foreign qene product. 

V. Infection of susceptible cells or animals with 
vaccinia virus recombinants. 

Throughout the followinq description, manip- 
ulations of vaccinia virus DNA, such as, for example, 
the locating of the thymidine kinase qene in the 
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vaccinia viral qenomer are r!etaile<1 as exemplarv of 
those readily applicable to poxvirus qenerally. 
Accord inglVr it is understood that the examples pre- 
sented herein are illustrative onlVr and that various 
chanqes and modifications within the scope of the pre- 
sent invention will be apparent to those skilled in 
the art. 

I. Preparation of plasmid vector containing vaccinia 
virus promoter r sites for insertion of a foreign 
gene, arid vaccinia virus DNA flanking sequences. 

The vehicle used to assemble the insertion vector 
mav be any convenient olasmid, cosmid, or phage. 
Examoles of phages which can be used in accordance 
with the invention are the lambda and M13 phages. An 
exemolarv cosmid which can be used is designated pHC79 
and is described by Hohn and Collins r Gene lis 291 
(1980) . Examples of plasmids which can be used are 
pBR322, pBR325r pBR327 , pBR328, oUC7 , pOCS , or pUC9 . 

The vaccinia virus DNA segment used to promote 
transcription of the foreign gene in the present 
example contained nucleotide seauences preceding and 
including the start site of an RNA. The nucleotide 
seauence and a precise transcriptional map of this 
region was needed for application of this method. 
When a convenient restriction endonuclease site pre*- 
ceded the RNA start site and another occurred after 
the RNA start site .but before the first ATG or 
translational initiation condon, the promoter segment 
was excised bv restriction endonuclease digestion and 
isolated bv standard methods such as agarose gel 
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electrophoresis • when a convenient restriction 
endonuclease site was not available, it was necessary 
to use other methods such as cleaving bevond the 
desired site and removing extra nucleotides with an 
exonuclease such as Bal 31, See MANIATIS et al, 
MOLECULAR CLONING: A LABORATORY MANUAL (Cold Sprinq 
Harbor Labor atorv 1«»82) for a description of such 
methods and other techniques applied herein. 

Either directly or after modification of its 
ends, the promoter segment was liqated to a olasmid 
that had been cleaved with a restriction endonuclease 
to provide compatible liqatible termini. Ligation of 
cohesive or blunt ends followed standard orocedures. 
Additional restriction endonuclease sites were placed 
next to the promoter by inserting the promoter into a 
plasmid such as pUC9 that already has multiple inser- 
tibn sites; however, ligation of synthetic poly- 
nucleotides is also possible. The plasmid containing 
the promoter was used to transform bacteria and then 
was purified. Restriction endonucleases were used to 
excise the promoter with adjacent restriction endo- 
nuclease sites, and the resultant DNA fraqment was 
ourified using conventional methods. 

The ONA used to flank the promoter and added 
restriction endonuclease sites was derived from a 
non-essential region of the vaccinia virus genome. 
Examples of such non-essential regions include the 
thymidine kinase qene [Weir, Baiszar and Moss, suora? 
Weir and Moss, supra ] and a region of at least ^,000 
base-pairs (bp) that is proximal to the left Inverted 
terminal repetition [Moss, Winters and Cooper, supra l , 
T5NA containing the non-essential region was excised by 
restriction endonuclease cleavage and ourified by 



- q - 



01 10385 



agarose gel electrophoresis or other conventional 
methods. The segment was then liqated to Dlasnii*^ DNA 
that had been cleaved by a restriction endonuclease to 
give complementarv ligatable termini. The plasmid 
containing the vaccinia virus DNA was used to trans- 
form bacteria and was then purified. An appropriate 
restriction endonuclease was used to cleave the non- 
essential segment of the vaccinia virus DNA within the 
plasmid so that it could be ligated to the previously 
isolated oromoter fragment. Bv this procedure (or bv 
obvious variations thereof in which the order of 
ligation and cleavage steps is modified) , a plasmid was 
obtained that has a vaccinia virus promoter with 
adjacent restriction endonuclease sites flanked bv a 
non-essential segment of vaccinia virus DNA. Since 
this Plasmid retained the plasmid origin of replica- 
tion and antibiotic resistance gene, it was used to 
transform bacteria and was replicated. 

II. Preparation and Insertion of foreign gene into 
the plasmid vector to form chimeric gene. 

A segment of DNA containing a foreign gene 
or a cDNA cot>y of a foreign gene was obtained. The DNA 
segment was cleaved with restriction endonucleases at 
a site oreceding the translational initiation codon 
and distal to the end of the protein coding sequences. 
When appropriate sites were not present, then it was 
necessary to cleave bevond the desired site and use an 
exonuclease such as Bal31 to remove extra nucleotides. 
For optimal expression, the first ATG in the segment 
was used to initiate translation of the desired gene. 
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Since there is no evidence for 55plicinq of vaccinia 
virus RNAs, continuou55 orotein codinq sequences were 
used. 

The plasmid constructed in part I of this 
section was cleaved at a restriction endonuclease site 
next to the promoter. The protein codinq segment of 
the foreiqn qene was ligated directlv to the promoter, 
when it had complementary termini, or after modifica- 
tion of its ends. The plasmid was used to transform 
bacteria and then was purified. When the foreiqn gene 
was insertahle in more than one orientation, it was 
necessarv to analyze by restriciton endonuclease 
digestion and qel electrophoresis or nucleotide 
sequencing to check that the proper one was obtained. 
The desired plasmid had the promoter adiacent to the 
start of the foreign gene. 

Ill, Transfection of virus-infected cells with plasmid 
containing chimeric gene. 

Plasmids containing chimeric genes flanked 
bv DNA from non-essential regions of the vaccinia 
virus genome were used to transfect cells that were 
already infected with vaccinia virus. The chimeric 
gene was inserted into the vaccinia virus genome bv 
homologous recombination. Typically, confluent mono- 
layers of: CV-1, BSC-1, TK 143, or other cells in 
bottles with a 25 cm'^- bottom surface area were 
infected with 0.01 to O.OS plaque forming units (ofu) 
per cell of vaccinia virus. Approximately 1 g of 
plasmid ONA with or without 1 fig of vaccinia virus DNA 
and 20 of calf thymus DNA or other carrier DNA was 
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mixe(5 in 1 ml of 0*1% dextrose , 0,14 M NaCl, S mM KCl, 
1 raM Wap,HP04r ^0 mM Heues, (pH 7. OS) and precipitated 
by addition of CaCl2 to a final concentration of l^S 
mM. The mixture was agitated gently and allowed to 
remain at room temperature for about 45 min* Two hr 
after infection, 0.8 ml of the fine suspension was 
added to an infected monolayer from which medium had 
been removed. After 30 min, 8 ml of Eaale or other 
tissue culture medium containing 8% fetal bovine serum 
was added to each bottle and the incubation was con- 
tinued at 37*»C for 3.^ more hr. At 6 hr after infec- 
tion, fresh medium containing 8% fetal bovine serum 
was added and incubation was continued for 48 hr. At 
this time, the infected cells were scraped off the 
bottle, centrifuged, resuspended in tissue culture 
medium and homogenized to break the cells and liberate 
virus. 

IV. Isolation of recombinant vaccinia virus and 
detection of foreign gene product. 

Virus from transfected cells consisted of a 
ponulation of which onlv a small percentage were 
recombinants. A varietv of selective and 
non-selective methods were used to isolate these 
recombinants . 

Selective procedures depended on the ability 
of recombinants to replicate under conditions that 
inhibited the original virus. One selective method 
involved the inactivation of the vaccinia virus TK 
gene. This was achieved by using DNA from the vac- 
cinia virus TK gene to flank the chimeric qene. When 
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homoloaous recombination occur reel, the chimeric aene 
was inserted into the gene of virion DNA an*^ the 
recombinants exhibiter! a tk negative CT^") ohenotvoe. 
5?elective conditions for isolation of TK" vaccinia 
virus was achieved bv nlaauina the virus in monolavers 
of TK" negative cells such as TK"1A3 cells with 2^ 
Mg/tnl of n-bromodeoxvuridine (BUdR) in the 1% low 
melting agar overlav. After ^8 to 7? hr at 37*0 in a 

C02 humidified atmosphere, plaaues were detected hv 
staining with 0.005% neutral red. Tvpically, more 
than 30% of the TK" plaques consisted of recombinants 
and the remainder were spontaneous TK" mutants of 
vaccinia virus, 

A second selective method was used when 
TK* cells were infected with tk~ mutants of vaccinia 
virus and then transfected with olasmids that con- 
tained a chimeric herpresvirus tk gene. [The TK~ 
mutants of vaccinia virus were obtained by infecting 
TK"143 cells with vaccinia virus in the presence of 2S 

q/ml of BUdR. The TK" negative mutants were then 
plaaued at least 2 times in succession in TK"1^3 cells 
in the oresence of BUdR,] Recombinants expressing 
herpesvirus TK were selected bv Plaaue assav on tk"143 
cells with a 1% low melting agar overlav containing 
Eagle medium and P% fetal bovine serum, 100 /*^M thvmi- 
dine, ^0 /*M adenosine, ^0 guanosine, 10 /*M glycine, 
I^aM methotrexate. After 48 to 77 hr at 37«c in a ^% 
CO2 humidified atmosphere, the plaques were detected 
by staining with neutral red. 

Tlon— selective methods that depend on 
identification of virus plaques that contain the 
foreign gene were also used. In addition, such 
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methods were used to confirm the identity of 
recombinants even after isolation by selective 
methods, 

DNA*DKA hybridization was used to identify 
plaques formed by recombinant virus. One mel:hod was 
referred to as dot blot hybridization. Tn this proce- 
dure, virus obtained following transfection of 
infected cells with chimeric olasmidg was plaqued on 
cell monolayers with a 1^^ agar overlav. After 4R to 
72 hr, the plaaues were detected by staining with 
neutral red. Virus within individual placrues were 
nicked using a sterile Pasteur pioette and used to 
infect cell monolayers in Ifi mm diameter wells of 
microtiter dishes. After IB hr incubation at '^l^C, 
the cells were scraped, lysed by three freeze-thaw 
cycles, and collected on nitrocellulo.se sheets by 
filtration using a micro-sample manifold (Schleicher 
and Schuell, NH) . The filter was washed with lon mM 
NaCl, 50 mM Tris-HCl (pH 7.5), blotted three times on 
successive Whatman 3 MM isapers saturated with (1) O.S 
M f^aOK, (?) 1 M Tris-HCl (pH 7.S), and (3) 2 X SSC 
(SSC is n.l«5 M NaCl, 0.015 M sodium citrate), baked at 
BO®C for hr and then incubated with 5 X Oenhardt's 
solution [Denhardt, Biochem . Bioohys . 'R es. Commun. , 
23:f^41-^4R (1^66)1, supplemented with 0.1 mg/ml of 
denatured salmon sperm DNA in 4 X SSC at '^B^C for 4 
hr. The foreign DNA, labeled with ^^P bv nick 
translation, and sodium dodecvl sulfate (SDS) at a 
final concentration of 0.1% were added and hybridiza- 
tion continued for 1? hr. The filter was washed twice 
for IS min at 6«5«C with 7 X SSC/0.1% SOS and then with 
n.^ X SSC/0.1% SOS, An autoradiograoh was made hv 
placing the filter next to X-ray film and the presence 
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of dark spots on developed film i<^entified recomhirant 
virus. Another method of DNA-DNA hybridization used 
was described bv ^'illarreal and Berg f Scien ce 
1<>6:1B3-185 (1977) !• In this method, a renlica of 
virus placTues was made bv olacinq a nitrocellulose 
filter directly on the cell monolayer, r)NA-DNA hybri- 
dization was carried out as above and, after location 
of plaques containinq recombinant virus, residual 
virus was eluted from the agar that oriainallv 
over laved the plagues. 

Additional methods that denend on expression 
of: the foreign gene were also used to identify Pla- 
ques. Plaques containing recombinant virus were then 
identified by autoradiooraohy. when the herpesvirus 
thymidine kinase was expressed, recombinant Plaques 
were detected bv incorporation of [^^^n deoxycytidine 
(1 /4Ci/ml) in the presence of ^O/^g/ml of 
tetrahydrouridine from 1^ to 48 hr after infection. 

V. Infection of susceptible cells or animals with 
vaccinia virus recombinants. 

After identification of vaccinia virus 
recombinants, 2 or more successive plaque purifica- 
tions were carried out to obtain pure recombinant 
virus. Susceptible cells such as BSC-l, EeLa, MRC-?>, 
or others were infected to obtain large stocks of 
recombinant virus. The titers of the stocks were 
determined by serial dilution and plaque assay. 
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To express the foreign qene, cells were 
infected with I to 10 t>fu/cell of crude or purified 
virus and incubations were carried out at 37«c for up 
to 48 hr. The foreign gene oroduct, deoending on its 
nature was found in the cell culture medium or within 
the cells. When present in the cells, it was 

liberated bv one of a number of methods including 
sonication, freeze— thawina , homoqenization, or 
detergent treatment. The foreign orotein was detected 
by immunological, enzvmatic, and electroohoretic 
methods ♦ 

For infection of animals, recombinant virus 
was introduced intradermallv, although other routes 
should be satisf actorv« Formation of antibodies to 
the product of the foreign gene indicated that the 
foreign orotein was made and was immunogenic. 

EXAMPLES 

In order to demonstrate the subiect inven- 
tion, we made several vectors containing vaccinia 
virus promoters that can be used for insertion of 
foreign orotein coding secyuences to form chimeric 
qenes. Protein coding seauences from other DNA viru- 
ses, RNA viruses and prokarvotes were inserted into 
the olasmids. Vectors containing the chimeric genes 
then were used to transfect vaccinia virus-infected 
cells, and the recombinant virus was isolated by 
selective methods. Expression of the foreiqn genes 
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was demonstrated in each case. *1anv of the routine 
orocedures emoloved are described in detail by 
MANIATIS et al,, snora . 

Example 1 Construction of plasmids pGS20 and pGS21 
containing promoter from the 7.5K polyoeotide gene 

qene) of vaccinia virus, restriction endo- 
nuclease sites for insertion of foreign protein coding 
secruences, and an interrupted vaccinia virus thvmidine 
kinase gene as flankina 

(a) Isolation of f ,5K o rontote r DNA « A DNA 
fragment of approximatelv 215 bp that precedes and 
includes the RNA start site of an early vaccinia virus 
qene coding for a polvpeptide known as 7.SK was 
obtained from a plasmid dAG4 [Venkatesan et al. » Cell 
12F>:B05-813 (1981)1. 70 /^a of pAGA was digested to 
completion with 100 units of restriction endonucleases 
Hind i and Rgal (New England Biolabs) in 50 mM NaCl, 
10 mM Tris-HCl (pH 7,4), 10 mM H^SO^r and 1 mM 
dithiothreitol (DTT) (hereinafter called medium salt 
restriction buffer) for 7 hr at 37«C. Resulting DNA 
fragments were separated bv electrophoresis for 1 hr 
at ''OO volts through a l.S% agarose qel containinq 40 
mM Tris-Acetate (Tris^^c) (oH S.O) , 20 mM sodium 
acetate (NaAc) , 2 mM EDTA, 18 mM MaCl. The qel was 
soaked in 1 q/ml ethidium bromide (Et3r) containinq 
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aqarose qel buffer for io min, DNA fraqments within 
the gel were visualized unfler lonq wave ultraviolet 
liqht and a qel strio containing a ^"^5 bo DMA fragment 
was excised using a razor blade. DNA within this gel 
strip was electroblotted onto a sheet of diethylarai- 
noethvl (DEAE) -cellulose in 40 mM Tris-Ac (r>H 7.9.) , 20 
itiM NaACr 1 inM EDTA for 4^ min at 7.^ mA and eluted 
from the DEAE-cellulose by shaking in l.?M NaCl, 40 mM 
Tris-Ac (PH 7^2)^ 20 mM NaAc, 1 mM EDTA for 30 min at 
25*C. DEAE-cellulose was removed bv centrif ugation at 
12,000 X g for 2 min, and DNA was precipitated from 
the supernatant by addition of 2 volumes of ethanol 
and recovered bv centrif ugation at 12,000 X q for S 
min. 

( b) Inserti on o f 7^5K gene promote r in to 
Plasmid onC9 . Two >Ag of oDC*> DNA was digested with 5 
units of restriction endonuclease Hind i in medium 
salt restriction buffer for 2 hr at ?7**C. The mixture 
was heated to 70*C for 5 min and DNA was extracted 
with an eaual volume of phenol: chloroform (Irl) and 
recovered by ethanol precipitation. DNA was 
dephosohorylated at its termini by incubation in ^0 
^1 of 50 mrt Tris-HCl (oh 9.0), 1 mM MgCl^/ 0.1 mM 
ZnCl2r 1 mM spermidine with 0.1 unit of calf- 
intestinal alkaline phosohatase (Boehrinqer Mannheim) 
for 30 min at 37*C to prevent self-ligation in the 
next step. The mixture was extracted twice with eaual 
volumes of ohenol: chloroform and DNA was recovered bv 
ethanol precipitation. 0,*^ /*g of linearized, 
dephosohorvlated PUC9 DNA was ligated with O.IS ^g of 
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the previously isolated vaccinia promoter DNA in SO 
fil of €€ mM Tris-HCl (pH 6.^ mM MqClp, 10 mM 

OTT^ 0.5 mM ATP together with 1 unit of T4 DNA ligase 
at 12**C for IS hr. 25 fukl of liqaterJ DNA mixture was 
used to transform competent coli strain i7M103 anfl 
100 /a1 of transformed cell suspension was mixed with 
so /ml of 2% X-qal and 10 >*1 of O.IM IP't'G and plated 
onto an L broth plate containing l.S% bacto-aqar 
(Difco) and 50 rfuiq/ml amoicillin. The Plate was incu- 
bated at ^7^C for IS hr. white bacterial colonies 
were picked and grown in 10 ml of Ir broth containing 
50 q/ml ampicillin. Plasmid DNA was purified from 
1^5 ml of bacterial cultures bv the following 
procedure (hereafter referred to as rainipreparation of 
plasmid DNA) . Bacterial cells were pelleted bv 
centrif ugation (12,000 X q, 1 min) , resusnended in 0,1 
ml of 25 mM Tris-HCl (pH 8.0), 10 mM EDTA, 50 mM glu- 
cose, 2 mg/ml lysozvme (Ivsis solution) and incubated 
at 4®C for 30 min. 0,2 ml of 0.2 M f^aOH, 1% sodium 
dodecvl sulfate (SDS) was added and the mixture incu- 
bated for a further S min on ice.. 0.15 ml of 3M NaAc 
(pH 4.8) was added and the mixture incubated on ice 
for 1 hr followed bv centrif ugation at 12,000 X q for 
5 min. Plasmid DNA present in the supernatant was 
precipitated bv addition of 1 ml ethanol, recovered bv 
centrifugation and redissolved in 0.1 ml of 10 mM 
Tris-HCl (PH 7.5), 1 mM EDTA ("»£ buffer). Plasmid HNA 
preparations were screened for the presence of the 
vaccinia virus promoter bv digestion of 10% of each 
plasmid preparation with restriction endonucleases 
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Hlndlll anrl Eco RI (S units of each enzvme in met^ium 
salt restriatiort buFPer for 1 hr at 37<^C) • DNA 
fragments were separated by agarose qel electrophore- 
sis and visualized as described above, Plasmid pre- 
parations containing the vaccinia virus promoter were 
analyzed further to determine the orientation of the 
vaccinia oromoter with respect to plasmid seauences. 
This was accomplished bv disqestion with restriction 
endonucleases Hindlll and Hindll or Hin di and EcoRI 
(5 units of each en^zyme in medium salt restriction 
buffer at 37 *C for 1 hr) followed bv agarose gel 
electrophoresis, A plasmid having with the vaccinia 
promoter reading toward the olasmid's unique BamHI 
restriction site was called pGSlS. This plasmid was 
purified in large amounts bv the followinq procedure, 
hereafter called preparation of plasmid DNA, Bacteria 
containing the reauired plasmid were seeded into a 400 
ml solution of M-9 medium containing 50>»g/ml ampi- 
cillinr 1*^0 A*g/ml proline, 150 Mq/ml leucine, 0.8 
f*g/ml vitamin and grown until the optical flensitv 
at 590 nm reached 0.8, Chloramphenicol was ad'^ed to a 
final concentration of 200 i»g/ml and the culture was 
incubated for 12 hr at 37«C. Bacteria were pelleted 
bv centr if ugation (5,000 X g, 10 min) , washed in 10 mM 
Tris-HCl (pH 7.5) , 0.15 M KaCl, resuspended in 10 ml 
lysis solution and incubated for 30 min on ice. 70 ml 
of 0.2 M HaOH, 0.1% SDS were added and the incubation 
was continued for 5 min on ice, followed bv addition 
of 15 ml of 3M NaAc (oH 4.8) and a further incubation 
on ice for 1 hr. The mixture was centr if uged (10,000 
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X 10 Ttiin) ♦ Plasmi<1 DNA was precioitated by 
addition of 2 volumes of ethanol and recovered bv 
centrif ugatlon at 10^000 X q for 10 min. ^he DMA 
pellet was redissolved in 10 ml of t'E buffer, the 
solution extracted twice with equal volumes of 
phenol: chloroform, the DNA recovered hv ethanol oreci- 
pitation and centr ifugation and redissolved in ^ ml of 
TE buffer ♦ 0.1 mq/ml of ribonuclease {pretreated by 
boiling for 10 min to inactivate deoxvrihonucleases) 
was added and incubated for "^0 min at '^7**C. DMA was 
then Precipitated by addition of NaAc (PR 7) to 0.1 M 
and l.«S volumes of ethanol and recovered bv centr ifu- 
gation. Remaining RNA was removed from the DNA bv 
dissolving the pellet in 0.:^ M MaCl, 10 mM Tris-HCl 
(pH 7.«>), 10 mM EDTA and filtering it through a 
Sephacryl-S300 column eauilibrated in the same buffer. 
DNA eluting in the first A2eo nm oeak was recovered by 
ethanol precipitation and centrif ugation. DNA was 
finally dissolved in TE buffer and stored at 4*C. 

( c ) Changing the Hindl ll site pGSlS to 
an EcoRI s ite. To enable the insertion of the vac- 
cinia 7,«>K gene promoter now cloned in pGSl*^ into the 
vaccinia thymidine kinase gene at the unique Eco RI 
site, it was necessary to change the HindTIl site of 
PGS15 to an Eco RI site. This resulted in the vaccinia 
promoter and adjacent restriction sites being flanked 
by EcoR I sites. 70 Mg of pGSl^ DNA was cleaved with 
50 units of Hindlll restriction endonuclease in medium 
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salt restriction buffer for 7 hr at '^^•c. After 
extraction with phenol: chloroformr the ONA was 
recovered bv ethanol precipitation anr^ centrif uqation, 
DMA termini were filled in to form blunt-ends hv incu- 
bation of DNA in 0.2 mM dATP^ 0.2 mM dCTP, 0.2 mM 
dGTP, 0.2 mM dTTP^ 0 . S mM DTT, «^ mM MqCl^, 50 mM 
Tris-HCl (pH 7,B) with 2 units of ONA oolvmerase I 
larqe fragment {Boehrinaer Mannheim) at 3"7«c for 45 
min. DNA was recovered after ohenol : chloroform 
extraction bv ethanol precipitation and centrifuga- 
tion. Svnthetic EcoRI linkers were ohosohorvlated at 
their S' termini by incubation with 1 unit of oolv- 
nucleotide kinase in 50 mM ATP^ 61 mM Tris-HCl (pH 
7.*5)^ 10 mM MqCl^f 1^ mM 2-mercaoto-ethanol at 37oc 
for 30 min. The ohosphorvlated EcoRI linkers were 
then liqated onto linearized, blunt-ended pGS15 Dc?A bv 
incubation at ^^C for 15 hr in 0.5 mM ATP, mM 
Tris-HCl (pH 7.6), 6.6 mM MgClpr 10 mM DTT with one 
unit of T4 DNA ligase. DNA was then digested for 4 hr 
with 100 units of Eco RI in high salt restriction 
buffer tlOO mM NaCl, 50 mM Tris-HCl (pH 7.5), 10 mM 
MgS04l and fragments were separated by aqarose gel 
electrophoresis. A 290 bp fragment was purified bv 
electroblotting onto DEAE-cellulose and ligated to 
pUC<» that had been cleaved with EcoR I and ohosphatase 
treated. Transformation competent E. coli transformed 
hv the ligated olasmid and transf ormants were selected 
and grown and the olasmid was amplified and purified 
as described above. The said olasmid was termed 
pGR19. 
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(d) Inser t ion o€ T .qK gene pr omoter into 
vaccin ia virus thy midine kinas e qene> Plasmir' pGSB 
(derived from pBR:^28 bv insertion of the vaccinia 
Hin dlll J fraqtnent containing the vaccinia virus 
qene into the unique plasmid Hin dlll site deletion of 
BamHI and KcoRI sites within the plasmid seauences) , 
was qrown and purified, 5 fiq of oGSB was digested 
with glco RI and recovered after phenol: chloroform 
extraction and ethanol Precipitation. terminal 
phosphates were removed bv treatment with alkaline 
Phosphatase and the DMA was again recovered after 
phenol: chloroform extraction bv ethanol precipitation* 
0.5 f4g of pGS8 DNA was then ligated together with 0.1 
g of the 790 bp DNA fragment containing the vaccinia 
virus promoter sequence flanked bv EcoR I sites* This 
fragment had been excised from PGS19 bv digestion with 
Eco RI and purified bv agarose gel electrophoresis and 
electroblotting. Ligated DNA was used to transform 
competent E^^^ colt cells strain HBlOl and bacterial 
clones were screened for a plasmid containing the 
inserted vaccinia promoter sequence. Two such 
plasmids were amplified and purified; each contained 
the vaccinia promoter sequence but in opposite orien- 
tations with respect to olasmid seauences* The clones 
were termed pGS20 and pGS21. Both of these vectors 
have BamH I and Sma l restriction sites for insertion of 
foreign genes downstream from the translocated vac- 
cinia »5K qene promoter and are flanke'^ by vaccinia 
DNA seauences encoding segments of the thvmidine 
kinase gene. 
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Exampl e Construction of olasmir^s pMM3 and pMM4 
that contain the promoter of the vaccinia virus 
thymiaine kinase gene, restriction endonuclease sites 
for insertion of foreign protein coding sequences, and 
flanking DNA including part of the thymidine kinase 
gene* 

(a) Construction o f pMMl, The recent 
mapping and sequencing of the vaccinia virus thymidine 
kinase (TK) qene (Weir, Baiszar and Moss, suora y Weir 
and Moss, supra ) allowed us to develop a strategy for 
isolatinq the promoter with its transcriptional 
initiation site hut devoid of its translational start 
site. Inspection of the sequence showed a G^c between 
the transcriptional and translational start sites. If 
this sequence were liqated to GAC, a sequence GTCGAC 
recognized by several restriction enzvmes would be 
created. This was achieved in the following manner. 
25 A4g of a plasmid derived from pUC9 by insertion of 
the vaccinia Hindlll J fragment was cleaved with «iO 
units of Cla l (Boehringer Mannheim) for 2 hr at 37«c 
in 10 mM Tris-HCl (pH 8), 10 mM NaCl, giving a linear 
ONA molecule. The buffer composition was altered to 
20 mM Tris HCl (pH 8.1), 100 mM NaCl, 12 mM CaCl^, 1 
mM NA^EDTA and the solution was preincubated at 30'*C 
for 10 min. Two units of the exonuclease Bai:?l were 
added and f g samples were removed at 1, 2, S and 10 
rain after addition of the nuclease. iMg of each of 
the samples was digested with 2 units of Hin dlll 
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(Betbesf'a Research Labs) in medium salt restriction 
buffer at 37**C for 2 hr and the resulting fragments 
separated bv electrophoresis on a 1% agarose gel. The 
time of Bal31 exonulcease digestion that gave an 
average size for the smallest fragment of 500 bp was 
chosen for further manipulation* Five /*g of the 10 
min nuclease digested samole was ohenol extracted and 
ethanol precipitated. The DNA was cleaved with 10 
units of Hind i at ^7*C for 2 hr in medium salt 
restriction buffer. The buffer composition was 
altered to 40 M with respect to dATP, dCTP^ dGTP, 
dTTPr ?00 mM NaCl, 75 mM Tris-HCl (pH B.R) and 10 mM 
MgCl2 and 1 unit of coli DNA polvmerase T (large 
fragment) was added and the reaction incubated at room 
temperature for 1 hr. The DNA was ohenol extracted 
and ethanol orecipitated. The mixture of DKA molecu- 
les with plasmid origin of replication and ampicillin 
resistance gene all contain GAC at one end generated 
by the Hind i cleavage and a variable sequence at the 
other end. Some molecules however were expected to 
have GTC between the TK gene transcriptional and 
translational starts at the opposing terminus. Upon 
ligation, these molecules would have a new Sai l site 
(GTCGAC) Generated. The mixture of molecules was 
ligated with 2 units of T4 DNA ligase (Boehringer 
Mannheim) at room temperature overnight in ^.0 mM 
Tris-HCl (pH 7.^;) , 10 mM DT'n^ lo mM MgCl-jr 0.5 mM ATP. 
One iAg of the ligated mixture was used to transform 
100 /ukl of competent coli strain JMIO^ which were 
plated out on L-broth olates containing SO |uiq/ml of 
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ampicillin air^ qrown at 3*7^0 overniqht. 14A single 
colonies were transferred to a master aqar Plate 
containing ampicillin. The 1^4 colonies were arrangerl 
in 12 qroups and each group was used to inoculate L- 
broth, ampicillin cultures. , After overnight growth, 
minipreparations of plasmid were prepared and 2 $Aq o^ 
the purified DNAs were cleaved with 7 units of Hin dlll 
and 2 units of Sai l for ? hr at 37 »C in 10 mM ^ris-HCl 
(PH , 10 mM MqCl^f inn mM NaCl. One DNA prepara- 

tion contained a fragment of approximately sno bo 
which would be the size of a fragment produced bv 
Hin dlll and Sai l if a Sai l site had been generated 
after the TK transcriptional start site. The 17 colo- 
nies used to make this DNA preparation were qrown 
singlv in L-broth cultures and plasmid DNA purified 
and cleaved with Hin dlll and Sail. From one of the 
plasmids, a fragment of approximately ^00 bp was 
detected bv agarose qel electrophoresis. This 
fragment was recloned in phage M13mp8 and MlSmp^ and 
the nucleotide sequence was determined for ino 
nucleotides from both the Hindlll and Sail sites 
according to the Sanoer dideoxy chain termination 
method to prove that it had the desired sequences* 
The plasmid containing the Hin dlll- Sai l fragment was 
designated oMMl and was purified from a one liter 
culture of transformed coli . 

(b) Construction of pMM 2. q of a oUC** 

derivative containing the vaccinia virus DNA Hin dlll J 
fragment was cleaved with 5 units of Xho l for 2 hr at 
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37**C in m mM (Tris-HCl) 7.5, 10 MqClj, I'lO 
NaCl (hiqh salt restriction buffer). The buffer com- 
position was adiusted to 40 mM dATP, dCTP, dGTP and 
dT'TP, 250 mM NaCl, 75 mM Tris-HCl (PH 8.8). One unit 
of coli DNA polvmerase I (large fragment) was added 
and the reaction incubated at room temperature for 1 
hr in order to give blunt ends. Synthetic EcoRI 
linkers were phosohorvlated at their 5 termini bv 
incubation with polvnucleotide kinase as described 
previously. Phosphorvlated linkers were liqated at 
room temperature to the blunt end DNA fragment as 
described previously. One mg of ligated mixture was 
used to transform coll JM103 and single amoicillin 
resistant colonies were oicked and Plasmids screened 
for a new EcoRT site where there had previously been 
an Xho X site. The plasmid with a new EcoRI site was 
designated oMM?. 

(c) Construc tio n of pMM3 . Bv insertinq the 
newlv created EcoRI fragment that contains part of the 
TK gene from pMM2 into the Eco RI. site of pMMl, a new 
plasmid was obtained that contains a number of 
restriction sites for insertion of a foreign gene 
coding sequence. mg of pMM2 was cleaved with 75 

units of EcoRI for 2 hr at 3"7«c in high salt restric- 
tion buffer and the 1 kb Eco RI fragment was purified 
by agarose gel electrophoresis and electrohlottina 
onto DEAE paper. T?ive mg of pMMl was cleaved with 5 
units of Eco RI for 2 hr at 37*C as described ore- 
viouslv. 1.5 units of bacterial alkaline phosphatase 
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was adt^erl to the r<»striction <^iqe<3t anc3 incubate^^ for 
a further 30 min, The reaction mixture was then phe- 
nol extracte'l, chloroform extracted ancl ethanol oreci- 
pitate^^. n.os Tnq of the EcoRI cleaver? and alkaline 
pho*5r)hatase treated oMMl was a6t^e6 to O.S mq of the 
isolated KcoRI fragment from pMMt? and the DNAs were 
ligated overniqht. The ligated mixture was used to 
transfor-m coli JMim and olasmids were screene*^ for 
a 1 kb Eco RI fraqment inserted into oMMl in the same 
orientation as present in the vaccinia qenome. The 
resulting olasmid designated PMM3 contains unique 
Hind i , Acc I r Sai l , BamHI and ?^ma l sites for insertion 
of foreign genes next to the thymidine kinase 
promoter. 

(d) Construction of oMM 4, In order to have 
an ^co Rl site to insert foreign qenes under control of 
the TK oromoter p it was first necessary to remove the 
second Kco RI site distal to the TK promoter. *''his was 
achieved in the following manner. 100 mq of oMM2 was 
partially cleaved with 9.0 units of Eco RI for IS min at 
37 *C in high salt restriction buffer and the linear 
DNA molecule formed bv cleavaqe at a single EcoRI site 
was isolated bv agarose qel electrophoresis and 
electroblotted onto DEAE oaoer. ?50 mq of the linear 
DNA molecule was incubated with O.S units of TE^^ coli 
DNA oolvmerase I (large fragment) at 1S**C for 1 hr in 
* AO mM dATP, dCTP, dGTP, dTTP, ^50 mM NaCl, mM 
Tris-HCl (oh B.B). The reaction mixture was then 
phenol extracted, chloroform extracted and ethanol 
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precipitated. After liqiation, the plasmid was used 
to transform coli JM103. The resultinq transforTned 
E. coli were screened for the presence of a plasmid 
with the EcoRI site farthest from the promoter 
deleted. The "olasmid, designated T5MM4, contains 
unique Hind i r Acc I , Sai l, BamH Ir Sma l, and Eco KI 
sites for insertion of foreian qenes. 

Example 3 Formation of vaccinia virus recombinants 
that express the prokarvotic chloramphenicol 
acetyltransf erase (CAT) gene. 

( a ) Insertion o f Jt he C AT gene _i nt q_pG S 2 1 . 
A 770 bp DNA fragment containing the CAT qene was 
isolated from pBR328 bv cleavage of pBR37-8 DMA with 
restriction endonuclease Taq l followed by agarose gel 
electrophoresis, electroblottinq onto DEAE-cellulose , 
elution and recovery of DNA by ethanol nrecioitation 
and centrif ugation. This 770 bp DNA fragment was 
inserted into plasmid Pl3C7 as follows. pUC7 DMA was 
cleaved with restriction enzvme Acc I, the ^' terminal 
ohosphates were removed with calf intestinal alkaline 
phosohatase and the DNA was recovered after 
phenol: chloroform extraction by ethanol precipitation. 
O.S MQ of linearized dephosohorvlated olasmid DNA was 
ligated with 0.2>ftq of the 770 bo fraqment under stan- 
dard conditions described above. Ligated DNA was then 
used to transform coli strain JM103 and white bac- 
terial colonies that qrew on 1.*^% bacto-agar plates 



- - 01 10385 

containing L-broth^ ^0 /^q/ml of ampicillin, X-qal an'^ 
IPTG, were oicked an'^ qrown in L-hroth. Mini-orepara- 
tion of plasmid DNA were screened for the presence of 
the "^''O hp DNA fragment containing the CAT gene bv 
digestion with Bam Hi and agarose pel electrophoresis, 
??uch a plasTTiid was grown, amplified and purified bv 
standard Procedures as described above and called 
PGS29. 

Plasmid pUC7 contains 2 BamHI sites closelv 
flanking the AccI sites. Consequentlv, after inser- 
tion of the CAT gene into the Acc I site, this gene was 
now excisable as a ''SO bp fragment bv BamHI. After 
Bam HI digestion of pGS?g, the 7R0 bp fragment was iso- 
lated bv agarose gel electrophoresis, electroblotted 
onto DEAE-cellulose, eluted and recovered bv ethanol 
precipitation. 

The next step was the insettion of this 
BamHI DNA fragment into plasmid vector pGS21. pGS21 
DNA was linearized bv cleavage with BamHI, the 5' 
terminal ohosphates were removed bv digestion with 
calf intestinal alkaline phosphatase and DNA was 
recovered bv ohenol: chloroform extraction and ethanol 
precipitation. O.S pAq of linearized, dephosphorylated 
pGS21 DNA was liqated with O.l^Ag of the 7^0 bp DNA 
fragment under standard conditions and the ligated DNA 
was then used to transform, competent coli cells 
strain HBIOI. Transformed cells were Plated onto an 
L-broth plate containing 1.5% bacto-agar and FiO g/ml 
amPicillin. After incubation for IS hr at '?7*C, 
bacterial colonies were picked grown in L-broth 
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containing =iO A^q/ml ampicillin and olasmid DNA was 
purified by the minioreparation orocedure. Plasmid 
T^NA was screened for the presence of the ''RO bp CAT 
gene BamHI fragment in the correct orientation with 
respect to the vaccinia promoter by diqestion with 
2amRI or KcoRT followed by agarose qel electrophoresis. 
.Such a clone was called pGS?4 and was grown, artiolified 
and purified as described above. 

( b) Inser tion of_ the chimeric CA T gene .into 
vaccinia virus . A 25 sq cm monolayer of TK"143 was 
infected with wild tvpe vaccinia virus at 0.01 
pfu/cell. A mixture of 1 /*q of pGS24, 1 ^g vaccinia 
virus DNA, and 7.0 pAq of calf thymus DNA was 
precioitated with 125 mM CaCl^* The fine suspension 
was used to transfect the cells at 2 hr after 
infection. After 30 min at 25«C, 7.2 ml of Eagle 
medium containing 8% fetal bovine serum was added and 
the monolayer was incubated for 3.5 hr at 37**C. The 
culture medium was then removed and replaced by 8 ml 
fresh Eagle medium containing fetal bovine serum 
and the incubation was continued at "^7*C for two davs. 
Cells were scraped from the bottles, pelleted by 
centrifugation (2,000 X a, S min) and resuspended in 
0.5 ml of Eagle medium containing 2.5% fetal bovine 
serum. 

(c) Selection of recombinant vaccinia virus 
containing the chimeric rAT gene. Thymidine kinase 
negative vaccinia virus recombinants were selected by 
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plaque assay in TK"143 cells with a 1% low meltinq 
agarose overlay containing t?5>*q/nil BUdR. After three 
davs at 37*Cr cell monolayers were stained with 0,005% 
neutral red, plaques were picked using a sterile 
Pasteur pioette and placed in 0.5 ml of Eagle medium 
containing 2.Fi% fetal bovine serum. After freezing 
and thawing 3 times and sonication, 0.25 ml of each 
olaaue was used to infect 1*5 mm diameter monolayers of 
TK'"143 cells. Two hr after infection, culture medium 
was removed and monolayers were overlayed with 1 ml of 
eagle medium containing P. 5% fetal bovine serum and 25 
g/ml BOdR, After two days incubation at '^^^C, cell 
monolayers were scraped from wells, pelleted by 
centr ifugation, resuspended in 0.5 ml of 0.1*5 M NaCl, 
10 mM Tris-HCl (pH 7*5), frozen and thawed 3 times and 
0.1 ml was transferred to nitrocellulose using a micro 
filtration manifold (Schleicher and Schuell) . After 
procedures to denature, neutralize and fix DNA to the 
nitrocellulose, the filter was hybridized with 
32p-iabeled CAT gene DNA. After washing the filter, 
an autoradiograoh was obtained. .Virus recombinants 
showing positive hybridization to 32p.rAT DNA were 
further ulaque purified in TK"143 cells with BUdR 
selection and the screening procedure for CAT DNA 
repeated. A clone i>ositive for CAT DNA at this stage 
was then amolified once in TK" cells with BUdR selec- 
tion, once in CV-l cells without selection and the 
virus titre determined by plaaue assav In CV-1 cells. 
This virus was called vCAT:^4, 



0110385 

fc*) Analysis of expression of chimeric CAT' 
qene. or-i cells were infected with vCAT24 at in 
ofu/cell. After ?4 hr at ^l^C, cells were scraped^ 
pelleted, resusoended in 0,^ ml of n.?SM Tris-HCl (PH 
7,B) and sonicated. Cell debris was removed by 
centrif ugation (1!?,000 X g, S min) and the supernatant 
was assayued for chloramphenicol acetvltransf erase 
acitvity essentially as described by Gorman et al. , 
Mol, Cel l Biol, r2Tinii4-insi (1-^R2). Extracts from 
cells infected with vCAT24 contained an enzvme acti- 
vity that acetylated chloramphenicol as demonstrated 
bv thin laver chromatography. Extracts from both 
uninfected and wild-tvoe vaccinia virus infected cells 
contained no detectable chloramphenicol acetyltrans- 
ferase activity. 



Example 4 Construction of vaccinia virus expressing 
chimeric herpes thymidine kinase (WTK) gene. 

^0 of a plasmid containing a Bam HI 
fragment including the HTK gene [Snauist et al, , Gene 
7:335-342 (1<)79)1 was cleaved with =50 units of Hind i 
and "lO units pvuII for 2 hr at 37«c in medium salt 
restriction buffer, A l,f^ kh Hinc II -PVU II fragment 
devoid of the HTK transcriptional start site but 
containing all of its coding seauence was isolated bv 
agarose gel electrophoresis and electroblotted onto 
DEAE paper. Five |uig of pUC7 was cleaved with ^ units 
of Hindi for 2 hr at 37*^0 in medium salt restriction 
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buffer, 1,S units of calf int^^stinal alkaline 
ohosTDhatase was added and the reaction mixture was 
incubated for a further '^0 min after which it was 
phenol extracted, chloroform extracted and ethanol 
precipitated. 9sn nq of this t>na was ligated with 500 
ng of the isolated Hinc II -Pvu II HTK fragment and 
E, coli JM103 cells were transformed with the liqated 
mixture. Plasmids were isolated from the transformed 
bacteria and screened for the Hinc II -Pvu ll fragment 
inserted into t>UC7« This olasmid was designated pVH4. 
50 /iq of pVH4 was cleaved with Eco RI and the Kco RI 
fragment containinq the HTK gene was isolated bv 
agarose gel electrophoresis and electroblotted onto 
DEAE paper. "Five |ug of pMM4 was cleaved with Eco RI ; 
1,5 units of calf intestinal alkaline phosphatase was 
added and the reaction incubated for a further 30 min. 
The reaction mixture was then phenol extracted, 
chloroform extracted and ethanol precipitated. :>S0 ng 
of this cleaved plasmid was ligated to 500 ng of the 
Eco RI fragment containing the HTK coding sequences and 
this liqated mixture was used to. transform E^ coli 
JM103. Single ampicillin resistant colonies were 
screened for a Plasmid containing HTK coding seauences 
at the Eco RI site of pMM4. This recombinant plasmid 
was designated pMM20 and combines the vaccinia virus 
•TK transcriptional regulatory sequence with an unin- 
terrupted Heroes TK coding seauences, and the distal 
half of the vaccinia virus TK gene. This chimeric 
qene is flanked with vaccinia sequences such that 
homologous recombinant ion would occur at the site of 
the vaccinia virus tk qene of wild type virus. 
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Human TK"143 cells were infected with 0.01 
pfu/cell of a vaccinia virus T'K" mutant (TK"1/^; 
Baiszar et al, r J, Viro l, > supra ) , The TK lesion 
maps between the vaccinia TK transcriptional start 
site and the EcoR I site in the vaccinia TK qene and 
hence the lesion could not be restored to wild type 
vaccinia TK bv recombination with oMM^O, One q of 
calcium ohosphate orecipitated r)MM20 DNA was intro- 
duced by transfection into TK"14:^ cells infecter' with 
TK"13 vaccinia virus. Selection orocedures described 
earlier for selection of TK* virus were used. 
Isolated single TK"*" PlaQues were plaque ourified again 
and checked for synthesis of the herpesvirus TK. 
Since [I^^^IdC is a specific substrate for the herpes- 
virus TK, but not for vaccinia virus or cellular 
[T^^^ldC is incornorated into viral DNA onlv if heroes 
virus TK is expressed. Autoradioqraphy of cell mono- 
layers, infected with the putative recombinant virus, 
in the presence of [I^"5|<3c revealed dark spots on the 
film corresoondinq to viral plaques showing that the 
TK"*" virus was expressing herpesvirus TK. That the 
heroes TK was integrated into the viral genome was 
shown by DNA*DNA hybridization of ^^P-labeled HTK DNA 
to blots of separated restriction digests of purified 
recombinant viral DNA. A further confirmation that 
herpesvirus TK was expressed was obtained bv olaquinq 
a recombinant virus stock in the presence and absence 
of 40 Mo/ml bromodeoxvcvtidine (BCdR) , Wild tvpe 
vaccinia virus Plaques were sliqhtlv reduced in size 
but the number of plaques remained constant when the 
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ine<5ia was supplemented with MQ/ml BC(3R. However^ 
the titer of recombinant virus was re^^uced between 10 
to ino-fol<3 in the presence of 40 A4q/ml t^C'^R, as 
expected if svnthesis of the herpesvirus had 
occurred, 

Example 5 Construction of vaccinia virus recom- 
binants expressing chimeric vesicular stomatitis virus 
(VSV) M gene, 

Mg of pJS223 fa plasmid containing a cDNA 
copy of VSV N gene, Sorague et al. , Viro l« 45: "773 
(1<)83)] was cleaved with SO units of Xho l for 2 hr at 
31^C in high salt restriction buffer. The smaller 
fragment containing N gene DNA was isolated bv agarose 
gel electrophoresis and electrohlotting onto DEAE 
paper. Five Mg of pMM3 was cleaved with 5 units of 
Sai l for 7 hr at 37*C. l.«5 units of calf intestinal 
alkaline phosphatase was added for a further ^0 min. 
The reaction mixture was phenol extracted, chloroform 
extracted, and ethanol precipitated. 750 ng of this 
DNA as ligated to 500 ng of the isolated Xho l fragment 
and coli JM103 were transformed with the ligated 
mixture. Single ampicillin resistant colonies were 
screened for the presence of VSV cDNA cloned into 
pMM3. The chimeric plasmid containing the vaccinia 
oromoter contiguous with the VSV cDKA was designated 
PMM17. Cells were Infected with wild type vaccinia 
virus and transfected with this plasmid. After 4fl hr. 
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the cells were 'iisrupte'1 anr^ t»k" virus was selecte-'i by 
plaque formation with BUdR in the aqar overlay. 
Expression of the chimeric VSV N gene was shown bv 
standard immunoprecipitation methods. Recombinant 
virus was used to infect cells at 20 pfu/cell an^ 
(^^simethionine was added to the medium. At hr 
after infection, a cytoplasmic extract was ma<^e from 
the infected cells. Rabbit anti-VSV antiserum an*^ 
staph A nrotein were used to precioitate vsv proteins. 
After dissociation of the Staph A -protein complex, 
the proteins were analvzed on a 10% polvacrvlamide gel 
in oarallel with authentic vsv labeled proteins. After 
fluoroqraohv, a protein that was immunoprecipitated 
from cells infected with the recombinant virus was 
seen to comiqrate with authentic VSV N orotein. This 
result demonstrated that the vaccinia virus recom- 
binant expressed the chimeric ^rsv N gene. 

Example ^ Construction of vaccinia virus expressing 
chimeric heoatis B virus surf ace . antigen (HBsAq) qene. 

( a ) Insertion ^o f t he H BsAq gene i n pGS20 ^ 
PGS21, and oMM3 . A 1,350 bp DNA fragment containing 
the HBsAq gene was obtained from a plasmid [Moriarity 
et al. , Proc. Natl. Acad. Sci. USA 78s2fi0€-2^70 
(1981)1. Nucleotide seouence data suggeste<^ that the 
first ATG codon after one of the BamHI restriction 
endonuclease sites represented the initial methionine 
residue of HBsAg. The fragment containing the HBsAg 



- 37 



0110385 



qene was isolated from 50 a of this olasmi'l bv 
diqestion with 100 units of BamHI in =^0 mM NaCl, 10 ntM 
Tris-HCl (pH 10 mM MqS04, 10 mM Hi thiothr ie tol 

fOT'T) (hereafter called medium restriction buffer) for 

hr at ^7®C* ONA fraqments were seoarated by 
electrophoresis at ?.00 volts for 1 hr through a 1% 
agarose qel containing 40 mM Tris-acetate (Ac) (t>H 
fi.O), 20 mM MaAc, 2 mM EOTA, 1« mM NaCl. The gel was 
soaked in 1 /»q/ml ethidium bromide (EtBr) and DNA 
fraqments were visualized by illumination with long 
wave ultraviolet light, A gel strip containing a DNA 
fragment of 1.35 kilobase pairs (kb) was excised from 
the agarose gel and DNA within this strip was trans- 
ferred to diethylaminoethyl (DT3AE) -cellulose bv 
electrohlotting in 40 mM Tris-Ac (pH 7.2), 20 mM ^aAc, 
1 mM EDTA for 1 hr at ^."^ mA. DNA was eluted from the 
DKAE-cellulose paper by shaking in 1.2 M NaCl, 40 mM 
Tris-Ac (pH 7.2), 20 mM ?TaAc, 1 mM EDTA for ?0 min at 
?5**C and recovered from the supernatant by addition of 

volumes of ethanol followed bv centr if ugation at 
12,000 X q for 5 min. 

The olasmids t>GS20, pGS^l, and pMM"^ were 
linearized by diqestion with "> units of BamH I/ M q DNA 
in medium salt restriction buffer for 2 hr at 3'^®C. 
*^he linearized plastnids were then dephosphorvlated at 
their » termini by incubation with 0.1 unit of calf 
intestinal alkaline phosphatase in 50 mM Tris-fJCl (oH 
^.0), 1 mM MgCljr 0.1 mM ZnCl^, 1 mM spermidine for 30 
min at 37*'C. After two extractions with equal volumes 
of Phenol: chloroform (1:1) , the DNA was recovered bv 
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ethanol precipitation and centr if uqation, O.^/Ag of 
each linearized^ dephosphorvlated plasmid was liqated 
with n.2 Mg of the l.^^S kb BamH I fragment containing 
the HBsAg gene in mM Tris-HCl (pH 7.5), 6*6 itiM 
MgCl2r in mM DTTr 0 . 5 mM ATP for 15 hr at 17«C. 
Liqated DNA was used to transform competent coli 
cells strain HBlOl and the transformed cells were 
grown for 15 hr at 37«c on L-broth plates containing 
1.5% bacto-agar and 50 g/ml ampicillin, Bacterial 
colonies were picked and grown in 10 ml of L-broth 
containing 50 Mq/ml of arapicillin for 15 hr at 37«c. 
Plasmid DNA was prepared from 1.^ ml of bacterial 
cultures by the following minipreparation of olasmid 
DNA. Bacterial cells were oelleted bv centr if ugation 
(1^,000 X q, 1 min) and resuspended in 0.1 ml of lysis 
solution [7.5 mM Tris-HCl (pH 8.0) , 10 mM EDTA, 50 mM 
glucose, 2 g/ml Ivsozvmel and incubated on ice for 30 
min. 0,2 ml of 0,2 M NaOH, 1% sodium dodecvl sulfate 
(SDS) was added and the mixture incubated on ice for 5 
min. 0,15 ml of 3M NaAc (pH 4.8) was added and after 
a further 1 hr incubation on ice> the mixture was 
centr ifuged at 12,000 X g for 5 min. ^^lasmid DNA was 
precipitated from the supernatant bv addition of 1 ml 
of ethanol, recovered bv centr if ugation {l'>,000 X q, 5 
min) and finally redissolved in 0,1 ml of 10 mM 
Tris-HCl (oH 8,0) 1 mM EDTA (TE buffer). 

Plasmid DNAs were screened for the Presence 
of the 1,35 kb Bam HI fragment containing the HBsAg 
gene bv digestion of 10% of each plasmid DNA sample 
with 5 units of res.triction endonuclease BamH I in 
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medium salt restriction buffer for 1 hr at '^'^^^C, 
followed bv agarose gel electroohoresis and EtBr 
staining- 

Since the l.'^S kb BamHI hepatitis B virus 
DKA. fragment could be inserted in either of two orien- 
tations within each of the plasmids, additional 
screening was necessarv, Flasmids derived from pGS20 
and PGS21 were digested with Xba l restriction endo- 
nuclease in 100 mM NaCl, mM Tris-HCl (pH 10 
mM MgS04 (high salt restriction buffer) for 1 hr at 
37*C and analyzed bv aqarose gel electrophoresis. T'he 
identification of Xba l fragments of approximately 
or 1,730 bo discriminated between derivatives of pGS20 
that contained the HBsAg qene in incorrect and correct 
orientations, resoectivelv. Xba l fragments of 2,1^0 
bp or l,15iO bo discriminate*^ between derivatives of 
pGS21 that had the HBsAg gene in incorrect and correct 
orientations, respectively, Plasmids derived from 
pMM3 were screened by Hind i digestion in medium salt 
restriction buffer followed bv agarose gel 
electrophoresis. The oresence of the HBsAg qene in 
correct orientation was indicated bv qeneration of 
fragments of approximately S,400 bp and 200 bo whereas 
fragments of 4,400 bp and 1,200 bp resulted when HBsAg 
was in the incorrect orientation. Plasmids were then 
grown, amplified and purified as follows. Transformed 
bacteria were seeded into 400 ml cultures of M-9 
medium containing 1^0 pKo/ml leucine, 150 f^g/ml pro- 
line, 0.8 |Ag/ml vitamin Bj^, "SOfAg/ml ampicillin and 
grown at 37**C until, the culture reached an optical 
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densitv of O.B at ^^0 nm. Chloramphenicol was then 
added to a concentration of 200 /4g/Tnl and the culture 
was incubated for 17, hr at 37*C. Bacteria were 
pelleted bv centr if ugation (S^OOO X g, 10 min) , washed 
once in 0.15 M NaCl, 10 niM Tris-HCl (oH and then 

resusoended in 10 ml of Ivsis solution (above) . After 
incubation for 30 min on ice, 20 ml of 0.9 M NaOH, 1% 
SDS was added and incubation continued for 5 min. IS 
ml of 3 M NaAc (pK 4,3) was then added and after 
incubation on ice for a further 1 hr, the mixture was 
centrifuqed at 10,000 X g for 10 min. The supernatant 
was recentrieuged at 10,000 X g for 10 min and plasmid 
r>NA was precipitated from the final supernatant by 
addition of 2 volumes of ethanol. After centrifuqa- 
tion at 10,000 X g for min, the pellet was 
redissolved in 10 ml of TB buffer and the solution was 
extracted twice with equal volumes of phenol: chloroform 
DNA was recovered by ethanol precipitation and 
centr if ugation and redissolved in 5 ml of TE buffer. 
0.1 mg/ml of ribonuclease (heated at 100 •^c to 
inactivate contaminating deoxyribonucleases) was added 
and the mixture was incubated for 30 min at 37*C. DNA 
was then precipitated by addition of NaAc (pH "7) to 
n.l M and l.S volumes of ethanol and was recovered bv 
centrifugation at "^,000 X q for 5 min. Remaining RKA 
was removed from the DNA bv dissolving the pellet in 
n.3 M NaCl, 10 mM Tris-HCl (pH 7.S), 10 mM EDTA and 
passage through a sephacrvl-S300 column emiilihrated 
with the same buffer. DNA eluting in the first peak 
was recovered bv ethanol precipitation and 
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centr if ugation, dissolved in 1.0 inl of 't^E buffer and 
stored at 4«c. Plasniids from pGS:>l that have the 
HBsAq gene in incorrect and correct orientations rela- 
tive to the translocated promoter have been designated 
pHBsl and pHBs?, respectively. Plasmids from pGS20 
that have the HBsAg qene in incorrect and correct 
orientations have been designated pRBs3 and pHBs4. 
The plasmid from dMM3 that has the HBsAg qene in 
correct orientation relative to the TK promoter has 
been desiqnated pHBs5. 

(b) Forma tion o f .vaccinia_vi rus recom- 
binants containing a c himer ic HB sAg qene . Plasmids 
containing a chimeric HBsAq gene flanked bv segments 
of the vaccinia virus TK gene were used to transfect 
cells infected with wild-tvpe thvmidine kinase 
positive (TK"**) vaccinia virus. Confluent monolayers 
of CV-1 or MRC-^ cells (25 sq cm) were infected with 
vaccinia virus at 0.01 plaque forming units (pfu) per 
cell. One >Aq of olasmid, 1 >*g of vaccinia virus ONA 
and 20 /Ag of calf thymus D*TA were mixed in 1 ml of 
0,1% dextrose, 0.14 M NaCl, 5 mM KCl, 1 mM Na:>HP04r 20 
mM Hepes and precipitated by addition of raCl2 to a 
final concentration of 0.1?S m. The mixture was agi- 
tated gently for 45 min at 75**C and 0.8 ml of the fine 
suspension was added at 2 hr after infection to a 
monolayer from which medium had been removed. After 
^0 min at ?=i"C, 7.2 ml of Eagle medium containing 9% 
fetal bovine serum (FBS) was added and the incubation 
was continued at 37^c for a further hr. -At ^ br 
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after infection, the Tne^liuTn was replaced with fresh 
mediuTti containing 8% FBS an'^ the incuhation was 
continued for 2 days. Cells were then scraoed from 
the bottle^ pelleted, resusoended in O.S ml of tissue 
culture medium and homoqenized to break cells and 
liberate the virus. 

Onlv a small percentaqe of the virus 
produced in transfected cells was recombinant. These 
recombinants were isolated by selective and non- 
selective methods. Selection was Possible because the 
HBsAg coding sequences were inserted into the TX qene 
and interrupted its function. Because of the thvmi- 
dine kinase negative (•»'K*) phenotype, recombinant 
virus was able to form plaaues in the presence of 
s-bromodeoxyuridine (BUdR) whereas the original ^K'^ 
virus did not. Non-selective procedures were carried 
out at described bv Villarreal and ^erq IScience 
196 ; 183-185 . 

Monolayers of TK"143 cells were inoculated 
with virus from transfected cells and 2 hr later were 
overlayed with medium containing 1% low melting 
agarose, 25 fig/ml BUdR, and :>.5% FBS. After 3 davs at 
37®C in a humidified 5% CO2 atmosohere, the cells were 
stained with 0.005% neutral red. Greater than ^^0% of 
the plaaues visualized under these conditions were 
shown by riot blot hybridization to contain recom- 
binants with heoatitis B virus DNA. For the latter 
procedure, individual virus olaques were picked using 
a sterile ?asteur pipette aad used to infect TK*143 
cell monolayers in 16 mm diameter multiwell dishes. 
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After 48 hr of incubation in medium containing BUrlR at 
37*C, the cells were scraoedr lysed by three freeze- 
thaw cycles / and collected on nitrocellulose sheets bv 
filtration through a micro-sample manifold (Schleicher 
and Schuell, NH) . The filter was washed with 100 mM 
NaCl, SO mM Tris-HCl, pH 7.5)^ blotted ? times on suc- 
cessive Whatman 3 MM filter napers saturated with (1) 
O.S M NaOH, (7) 1 M Tris-HCl (oH 7,S), and (3) ? X SSC 
(SSC is 0.1*^ M NaCl, O.OI'd M sodium citrate)^ baked at 
<^0'»C for 2 hr and then incubated with S X Denbar/^tVs 
solution [Denhardt# Biochem. Riophvs. Res. Coramun. 
21:^41-646 (ic>66)1 supplemented with 0,1 mg/ml of 
denatured, sheared salmon sperm ONA in 4 X SSC at 6^^C 
for 4 hr. Hepatitis B virus DNA, labeled with ^^P bv 
nick translation [Rigby ^ al. ^ J. Mol. Biol. 113 , 237 
{1<^75)], and sodium dodecyl sulfate (SDS) at a final 
concentration of 0.1% were added and hybridization 
continued for 15 hr at 65**C. The filter was washed 
twice for 15 min at ^5«^C with 2 X SSC/0*1% SOS and 
then with 0.2 X SSC/0.1% SDS. An autoradiograph was 
made bv placing the filter next to X-ray film and the 
presence of dark spots on developed film identified 
recombinant virus containing the HBsAg gene. 
Recombinant virus was plaque purified a second time in 
TK"143 cells with an agar overlay containing 2?5 Mg/ml 
of BUdR and recombinant virus stocks were then ore- 
oared. The recombinant virus stocks were designated 
vHBsl, vHBs2, vHBs3, vHBs4 and vHBs=i to correspond 
with the names qiven to the plasmids from which thev 
were derived. 
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(c) 1r!xoressinn_o f HBsA. q i n cell s infected 
with v a ccinia virus recom binants « Evidence for HBs^Vq 
expression in cells infected with vaccinia virus 
recombinants was obtained bv a standard radioim- 
munoassay orocedure (^SURIA, Abbot r^aborator ies) . 
Monolayers of CV-1 cells were infected with 10 olaque 
forming units (pfu) per cell of vaccinia virus recom- 
binants, wild-tvpe vaccinia virus, or mock infected as 
indicated in Table 1. Two hr after infection, the 
virus inoculum was removed and cells were overlayed 
with Eagles medium containing 2^^% FBS. After 
incubation for 24 hr, the cells were scraoed from 
culture flasks and separated from culture medium bv 
centrifuaation (2,000 X q, 5 min) . Cell pellets were 
resusoended in 0*5 ml of ^^3^ [0,15 M NaCl, 10 mM 
Tris-HCl (pH 7.«5)1, frozen and thawed 3 times, 
sonicated and centrifuaed (12,000 X g, 1 min) to 
remove debris^ The supernatant and tissue culture 
medium were assaved for HBsAq bv radioimmunoassav. 
Beads coated with anti-HBsAg antibodv were incubated 
with 0.2 ml of samole for 7 hr at 45*C, thoroughly 
rinsed B times with 1 ml H^O and then reincubated with 
125x-iabeled antibodv aaainst HBsAg for 1 hr at 4S*»C. 
Beads were washed aaain and then counted In a gamma— 
rav scintillation counter. The quantitv of HBsAg 
present was calculated bv reference to positive and 
negative controls supolied by Abbot Laboratories and 
incubated in Parallel. 

As shown in Table 1, HBsAg was produced in 
greatest amount by cells infected with vHBs2 and 
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vH3s4. Lesser amounts of HBsAq were ma^e in cells 
infected with vHBs*^. Bv contrast, those recombinants 
that did not have the HBsAq gene in correct orien- 
tation with the translocated vaccinia virus promoter, 
vHBsl and vHBs3, made barelv detectable levels of 
HBsAq. Siqnif icantlVr much of the HBsAq was excreted 
into the culture medium. 'Release of HBsAq was not due 
to cell Ivsis since ^0% of infectious virus remained 
cell associated. Table 1 also shows that the similar 
yields of virus were obtained after infection with 
wild-tvoe (WT) or recombinant virus. 

The nature of the HBsAg synthesized bv cells 
infected with vaccinia virus recombinants was analvzed 
bv immunoorecipitation. Monolavers of CV-1 cells 
infected with ourified vaccinia virus recombinants at 
30 pfu/cell were incubated in Eagles medium containing 
0.01 mM methionine for 4 hr after infection. The 
cells were then incubated for "^0 min at 37**C with 
fresh Eagles medium without tnethionine supplemented 
with t3!^Slmethionine (170 H^Ci/^ X 10^ cells). Excess 
I^^Sl methionine was removed bv washinq the cells 3 
times with ice-cold phosphate buffered saline and cell 
extracts were prepared hv incubation of cells in n.s 
ml of 0.1% aprotinin, 0.1 M Tris-HCl (pH 8.0), 0.1 M 
NaCl, n.S% NPAO, for 10 min on ice, followed bv 
centr if ugation. J?0% of the supernatant was incubated 
with y,l of guinea oig non-immune serum at 4**C for 
1=> hr and immune complexes were removed bv addition of 
so fuil of a formalin-treated staphvlococcal A suspen- 
sion and incubation, for 30 min at 4**^:, followed bv 
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centr if uqation, ^0 ^1 of quinea Dig HBsAq antiserum 
was then aclded, incubate^ Cor IS hr at 4*C anrl then 
immune complexes were remove<1 by addition of staphvlo- 
coccal A suspension as above, followed hv centrifuqa- 
tion. The oellet was washed twice in O.OS M T'ris-HCl 
(PH O.IS M NaCl, 0.1% SDSr 1% Triton X-lOn, 1% 

sodium deoxycholate and twice in 0.4M LiCl, urea, 
10 rm Tris-HCl (PH *5.n). Immune complexes were eluted 
from the staphvlococcal A oellet bv incubation in so 

j^l of 0.06 M Tris-HCl (oH 3% SDS, «>% 

p -mercaptoethanol, 10% glycerol, 0.002% bromoohenol 
blue for 15 min at ?-S«c. After centr if ugation, the 
supernatant was boiled and electroohoresed through a 
15% Dolvacrvlamide gel. The gel was fixed, treated 
with T3nhance (New Enqland Nuclear Corporation) and a 
fluoroqraph was obtained. Examination of the 
fluoroqrach indicated that two polypeptides were 
specifically immunoprecipitated. These had molecular 
weights of 23,000 and 2S,400 and comigrated on 
polyacrylamide gels with polypeptides iramunoprecipi- 
tated bv HBsAg antiserum from a hepatoma cell line 
PLC/PRF/5. The nature of the HBsAq excreted from 
cells infected with vaccinia virus recombinants was 
further examined. Tissue culture medium, harvested 24 
hr after infection of CV-1 cells with 30 pfu/cell of 
vaccinia virus recombinant vHBs4, was clarified by 
centr if uqation at 2,000 X g for 5 min and then 
recentr ifuqed at 75,000 X g for 24 hr at 4'*C. The 
pellet was resuspended in 4. s ml of 10 mM Tris-HCl (oH 
150 mM NaCl, .1 mM TOTA and then 1.3R qrams of 
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Csni was adc^e'l to a Final 'lensitv of 1.*^ q/cm^. The 
samole was centrifuge'^ at t>70^nnn x q for fi4 hr at C^r 
and gradient fractions were collecte<^. T^iluted 
samoles were tester! for HBsAq by rarJioimmanoassav. A 
peak of HBsAq was detected at a densitv of 1.7 q/cm*^ 
which was identical to a oeak of HBsAq obtained when 
culture Tnedium from heoatoma cell line PLC/PRP/^i was 
treated in parallel. ^he oeak fractions of HBsAq were 
dialvzed aqainst phosphate buffered saline (PB55) and 
recentr if uqed on a 5 to 30% (w/w) sucrose qradient in 
PBS for 4.5 hr at 1^0,000 X q at 4*'C. Gradient frac- 
tions were collected and samoles were diluted and 
assaved for HBsAq bv radioimraunoassav. A peak of 
HBsAg was detected which sedimented at the same rate 
as the HBsAq from heoatoma cell line PLC/PRP/S, When 
samples from these t>eaks were analvt^ed bv electron 
microscopy r particles of HBsAg wre detected, 

Tn all resDects examined (including antiqe- 
nicitv,, polypeptide comoositlon, buovant density, 
sediinentatipn rate) , the HBsAq excreted from cells 
infected with vaccinia virus recombinant vHBs4 was 
indistinauishable from HBsAg particles released from 
hematoma cell line PLC/PRF/S, 



( d ) Vaccin at ion of r ab bit s wit h vaccinia 
virus r ecombinant s > Previous studies have shown that 
HBsAa particles from the blood of human hepatitis B 
virus carriers are highly immunogenic and can 
neutralize the infectivitv of hepatitis B virus, 
Conseauentlv, the question of whether infection of 
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animals with vaccinia virus recombinants that express 
HBsAq would induce oroduction of anti-HBVsAq 
antibodies was examined . 

Rabbits were pre-bled and then infected with 
either wild-tvpe vaccinia virus or vaccinia virus 
recombinant vHBs4 by intradermal injection of ID^ pfu 
of virus into 4 sites on the back of each rabbit. 
Rabbits were bled dailv following inoculation and 
serum was prepared and stored frozen at -70**r;. At *> 
days, the rabbits develooed lesions at the sites of 
inoculation and by 10 davs these lesions were visiblv 
healing. Serum from the rabbits was tested from HBsAq 
and antibodies against HBsAg by radioimmunoassav, and 
for vaccinia virus bv olaque assav. No HBsAq or vac- 
cinia virus was detectable in the serum. However, bv 
5 davs after inoculation, antibodies against HBsAg 
were detected (Table 2) . 
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TABLE 1 



Productiou of RBsAg and Vdccxpia Virus from Infected Cells 



ug HB:iAK/5 X 10^ cr I U 
cell culture 
exLract medium 



Virus yield (pfu) 



cell 
extract 



culture 
(Bedium 



Uaiofected <1 

WT <1 

vHBsl 11 

vKBs2 835 

vHBs3 ' 14 

vHBs4 930 

vHBsS 35 

Hepatoma cells 3A0 



<1 
<1 
20 

1700 
25 

1700 
80 
900 



ND 

7.8 X 10* 
8.3 X 10* 

7.9 X 10* 
9.1 X 108 
8.8 X 10* 

10.3 X 10* 
ND 



KD 

7.7 X 10^ 
10.2 X 10^ 
9.9 X 10' 
9.0 X 10' 
9-8 X 10' 
9.6 X 10' 
ND 



C^r-l cell Tnonolavers were infected with purified wild- 
tvoe CWT) or vaccinia virus recombinants (vHBs l-'^) at 
30 Dlaaue forTning units (of u) /cell or mock infected* 
At ? hr, virus inoculum was reolaced with ^..'^ ml of 
Eaqle medium containing 2»5% fetal bovine serum* 
Cells were harvested at 2^ hr an'^ separated from 
culture medium bv centr if ngation at ^,000 X g for S 
min^ Cell oellets wee suspended in ?.t ml of 
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ohosohate buffered saline, frozen and thawed tirnes 
and sonicated, Eaual portions o? cell extracts and 
culture medium were tested for HBsAg bv radioim- 
munoassay and for vaccinia virus by plaorue assay in 
CV-1 cells. Culture medium and a cell extract pre- 
pared as above from a hepatoma cell line PI#C/PRF/5 
three davs after confluencv were tested in parallel 
for HBsAq. 
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tabu: 2 

Productiou of antibodieii t»>;jinst HBsAg 
by rabbits vacciniated with recomblQaat vHBs4 

RIA mnts/0.2 ml of serum 

Days after vaccinaLion vHSaA WT virus 



5 


92 


6 


135 


7 


352 


6 


>512 


9 


>512 


10 


>512 


11 


442 



Undiluted serum^ obtained from rabbits on the davs 
indicated, was tested for antibody to HB«5Aa hv a 
radioimtnunoassav orocedure (AHSAB, Abbot 
Laboratories) • An HBsAq oositive control human olasma 
supplied bv Abbot Laboratories had a titer of S12 RiA 
units . 
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Depos ition of Mat erial s 



A Sample of coli HBlOl trans^'ormed with 
PGS20 has been ?^eposited on November 30, 1«*R?., at the 
American Tyoe Culture Collection (ATCC) , 12301 
Parklawn Orive, Rockville, Marvlanr? anfl has been 

given ATCC No. '^<^2A9. On December 1, 1<^S2, samples of 

coli HBlOl transforme'i with pHBs^ were ^leoositerl 
and assigned ATCC No. 39250, as were samples of vHBs^ , 
which were assigned ATCC No. ^7R205S. 
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CLAIMS; 



1. A method of preparing a vector con- 
taininq a chimeric qene, coinorisinq the steps of: 

(a) oreparing a plasmid, cosmici, or phage 
containinq poxvirus DNA, sai*^ DNA comprising: 

(i) at least one transcriptional 
regulatory seauence next to at least one 
restriction endonuclease site, an^^ 

(ii) DNA from a non-essential region of 
poxvirus genome flanking said transcrip- 
tional regulatorv sequence and said 
restriction endonuclease site; and 

(b) inserting at least one protein coding 
sequence from a foreign gene into said restriction 
endonuclease site next to said transcriptional regula- 
torv sequence. 

2. The method according to Claim 1, wherein 
the poxvirus DNA further comprises DNA preceding and 
including the site at which RNA synthesis starts. 

The method according to Claim 1, wherein 
the transcriptional regulatory seauence regulates the 
vaccinia virus thymidine kinase gene or an earlv 
vaccinia virus gene encoding the 7.5 K polypeptide. 

4. The method according to Claim 1, wherein 
said poxvirus DNA is vaccinia virus DNA. 
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S, The method accordinq to Claim 1, wherein 
said orotein codinq secruence from a foreiqn gene 
comprises the site cor respondinq to initiation of 
translation of said foreign gene and DNA extending 
bevond the translational termination site of said 
foreign gene» 

f^. The method accordinq to Claim wherein 
the protein coding seauence is obtained from a DNA 
copy of a DNA qene or a DMA copv of a RNA gene, 

7. The method accordinq to Claim 1, wherein 
said non-essential region comprises the vaccinia virus 
thymidine kinase qene. 

B. The method according to Claim 1, wherein 
the plasmid formed is one of the group consisting of 
pGS20, pGS21, pMM3r and pMM4o 

9. A method for genetically modifying a 
p>oxvirus, comprisinq the steps of: 

(a) preparing a vector comprising olasmid, 
cosmid, or phage containing ooxvirus DNA, said DNA 
comprising; 

(i) at least one transcriptional 
regulatorv seauence next to at least one 
restriction endonuclease site, and 

(ii) DNA from a non-essential region of 
poxvirus genome flanking said transcrip- 
tional regulatory sequence and said 
restriction endonuclease site? and 
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(h) insertinq at least one protein codinq 
seQuence from a foreign gene into said restriction 
endonuclease site next to saif' transcriptional 
regulatorv sequence; 

(c) oroviding at least one cell infected 
with a genus of ooxvirus; 

(d) transfectinq said cell with said vec- 
tor, wherebv homoloqoiis recombination occurs between 
the DNA of said poxvirus and at least a portion of 
said poxvirus DNA contained in said vector? and 

(e) isolating from said cell a recom- 
bination poxvirus caoable of expressing said orotein 
coding seauence. 

10, A method of using a recombinant noxvirus 
as a live vaccine, comprising the steps ofs 

(a) preparing an infectious proxvirus 
containing therein a chimeric gene comprising at least 
one poxvirus transcriptional regulatorv sequence and 
at least one protein codinq sequence from a foreign 
gene, said chimeric gene being flanked by DNA from a 
non-essential region of Poxvirus genome, such that 
said infectious poxvirus is capable upon infection of 
a cell of expressinq said orotein codinq sequence; and 

(b) inoculating an animal or human with 
an inoculant containing a concentration of said infec- 
tious poxvirus sufficient to elicit an immunological 
response in said animal or human. 

11. A method according to Claim 10,. wherein 
said immunological response comprises the production 
of antibodies to at least the antigenic portion of the 
protein encoded bv said protein codinq seauence. 
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12 • K vector comprisinq: 

(a) a plasmi^, cosmic', or ohage; 

(h) a chimeric qene which comprises at 

least one poxvirus transcriptional regulatory secruence 

and at least one protein coding sequence from a 

foreign gene; and 

(c) DNA from a non-essential region of 

poxvirus genome, sair? ONA flanking said chimeric gene, 

13. A vector according to Claim 1?, wherein 
said protein coding seauence is from a foreign gene 
selected from the group consisting of the prokarvotic 
chloramphenicol acetvltransf erase gene, the heroes 
thvmidine kinase gene, the vesicular stomatitis virus 
N gene, the hepatitis B virus surface antiaen gene, 
and a gene from one selected from the group consisting 
oF hepatitis B virus, heoatitis A virus, heoatitis 
non-A, non-B virus, influenza virus, cvtomegalovirus , 
adenoviruses, oarvoviruses, foot and mouth disease 
virus, ooliovirus, measles virus, rabies virus, coro- 
naviruses, coxsackieviruses and oathogenic bacteria, 
rickettsia, protazoa, and metazoa. 

14. A vector according to Claim 1?, wherein 
said protein coding sequence encodes an immunogenic 
protein. 

15. A vector according to Claim 14, wherein 
said protein coding sequence encodes at least the 
antigenic portion of said immunogenic orotein. 
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A vector accorrfinq to Claim 12, wherein 
sair* DNA flanking said chimeric gene comprises a 
segment of the vaccinia virus thvmidine kinase gene 
anfl T)NA ad-iacent to sai^ thvmi?^ine kinase qene, 

17, A vector accor^ling to Claim IS, said 
vector being selected from the grouo consistina of 
pHBs?, pH3s4, and pHBs5. 

1^. An infectious poxvirus containing 
therein a chimeric gene comprising at least one pox- 
virus transcriptional regulatorv seauence and at least 
one protein coding seauence from a foreign gene, said 
chimeric gene being flanked by DNA from a non- 
essential region of poxvirus genome, such that said 
Infectious poxvirus is capable upon infection of a 
cell of expressing said nrotein coding sequence. 

1**. An infectious poxvirus according to 

Claim IB, wherein said chimeric aene further comprises 

poxvirus DNA preceding and including the site at which 
RNA synthesis starts. 

''O. An infectious poxvirus according to 
Claim 1^, wherein said poxvirus DNA comprises a DNA 
segment containing about 2^5 or fewer base-pairs 
preceding said site at which RNA svnthesis starts, 

'^l^ An infectious poxvirus according to 
Claim 19, wherein said protein coding sequence encodes 
an immunogenic protein. 



0110385 



22* An infectious ooxvirus according to 
Claim 21, wherein sai'^ protein coding seauence encodes 
at least the antigenic portion of said immunogenic 
protein. 

23. An infectious ooxvirus according to 
Claim 22, wherein said immunogenic protein is the 
heoatitis B virus surface antigen. 

24. An infectious ooxvirus according to 
Claim 22, said infectious poxvirus being selected from 
the group consisting of vHBs2, vHBs4, and vHBs^i. 

An infectious poxvirus recombinant pro- 
duced bv a orocess comorising the steps of: 

(a) preparing a vector comprising a olasmid, 
cosmid, or obage containing ooxvirus DNA, said DNA 
comorising: 

(i) at least one transcriptional 
regulatory sequence next to at least one 
restriction endonuclease site, and 

(ii) DNA from a non-essential region of 
ooxvirus genome flanking said transcrip- 
tional regulatorv sequence and said 
restriction endonuclease site; 

(b) inserting at least one orotein coding 
seauence from a foreign gene into said restriction 
endonuclease site next to said transcriptional 
regulatorv sequence; 



